An approach for calculation of transition form factors of hydrogen-like elementary atoms (EA) is proposed. A general formula for bound-continuous transition form factors of EA is derived. It is shown that these form factors can be represented in the form of finite sum of terms with simple analytical structure and may be numerically evaluated with arbitrary degree of accuracy. As an application of the presented form factors, the calculation of the spectra of products from EA ionization is considered.
Introduction
The problem of calculation of transition form factors from bound to unbound states of hydrogen-like atoms [1] has a long history [2] [3] [4] . Nowadays, this problem became of great importance for the interpretation of the data of DIRAC experiment at CERN which aims to observe hydrogen-like EA 1 [5] consisting of π ± and/or π ∓ /K ∓ mesons (dimesoatoms) and measure the lifetime of π + π − atoms (A 2π ) with accurace of 10% [6] [7] [8] .
The usual approach to this problem is based on the decomposition of continuum wave functions into infinite series of partial waves and calculation of transition form factors from initial bound state to final continuum state with definite value of angular momentum [4] .
In this approach only finite number of terms of infinite series are taken into account in actual calculation leaving unsolved the problem of estimation for contribution of omitted tail with infinite number of terms.
We would like to show in this paper that above mentioned transition (bound to continuum) form factors of hydrogen-like EA may be explicitly calculated without decomposition of final state into infinite series of partial waves. The plan of the paper is as follows. First of all in Section 2 we shall prove this statement for the simplest case when orbital momentum of bound state is equal zero, i.e. 
Transitions from nS-states
We define the transition form factors with the help of the following equation:
where ψ i(f ) are the wave functions of initial (final) states of hydrogen-like atoms, q is the transferred momentum. For the case when i = n00 ≡ nS
exp(−ωr) · Φ(−n + 1; 2; 2ωr)
where ω = µα/n; µ is the reduced mass and α = 1/137 is the fine structure constant; Φ is the confluent hypergeometric function and L λ k are the associated Laguerre polynomials. The wave function of the final (continuum) state must be choose in the form [10] 
Now we use recurrence relation for the Laguerre polynomials [11]
and their representation with the help of the generating function
where operator ∆
z is defined as follows:
Then
The substitution of Eqs. (42) and (28) to (21) gives
The last integral is easily calculated using integral representation for the hypergeometrical functions (see e.g. [13] ).
The result reads
where
Taking into account the definition (29) and obvious the relation
(9) may be rewritten in the form
Using the definition of the Gegenbauer polynomials [11, 12] (
it is easy to obtain
At least, with the help of the relations
and
) n (x) are the Jacobi polynomials, we finally obtain
Thus, the result of the calculation for transition form factors of hydrogen-like atoms for the case nS-continuum transitions is expressed in terms of the classical polynomials and may be easily evaluated numerically with arbitrary degree of accuracy [14] .
General case
In the previous Section it have been shown that the form factors of transitions from nS (n00) -states of hydrogen-like atoms to the state of continuous spectra with definite value of relative momenta p may be expressed in the terms of the classical polynomials in a rather simple way. Below this result is generalized for the case of transition from arbitrary initial bound states.
The transition form factors are defined as follows:
Here, ψ i(f ) are the wave functions of initial (final) states. According to [15] (see also [10] ), the final state wave function must be choose in the
For arbitrary initial bound state
R nl (r) = 2ω
where L 2l+1 n−l−1 are the associated Laguerre polynomials. Making use of the recurrence relations [11, 12] 
and the representation of the Laguerre polynomials in terms of the generating function
where operator ∆ (k) z is defined as follows
let us rewrite the radial part of initial state wave function in the form
more convenient for the further calculations.
Then it is not difficult to see that transition form factors (21) may be represent as a linear combination of the quantities
In order to calculate (31), it is useful to represent the hypergeometrical function in (23) in the form
Using the following relations
after simple calculations we find
It is easy to check that
Further, according to [16] , we get
Taking into account (38) and (39), it is easy to see that (37) is the superposition of the quantities
where D 1,2 are defined as follows:
The further calculations are the same as in the Section 2.
Omitting the simple but cumbersome algebra, let us present the final expression for transition form factors:
Thus, the form factors for transition from arbitrary bound states of hydrogen-like EA to the " p − state" of continuous spectra are represented as the superposition of finite number of terms with simple analytical structure and can be also calculated with arbitrary degree of accuracy.
Eqs. (43)- (46) are the basic results of this study. They are the generalization of the results of Section 2 and Refs. [3] .
Applications
The mentioned above results are necessary for the calculations of the spectra of products from A π + π − /A π ± K ∓ ionization which is/will exploited to observe A π + π − /A π ± K ∓ atoms and to measure its ground state lifetime [6, 9] . These spectra may be represented and computed as
F el ( q = 0) = Z.
Here, σ (nlm→ p) is the cross section of dimesoatoms for transitions from |nlm states to continuum; S p,nlm is the corresponding transition form factor; m 1,2 are the masses of the π ± and π ∓ /K ∓ mesons; α is the fine structure constant; F el ( q) and F inel ( q) are the elastic and inelastic atomic form factors of the target atom respectively, Z is its atomic number.
The results of such calculations are illustrated by Figures 1,2 . In these Figures momentum (p) and angular (θ) distributions
in π + π − pairs from dissociation of π + π − atoms in the Coulomb field of target atoms are shown for the initial states of A 2π with principal quantum numbers n = 1 ( Figure 1 ) and n = 10 ( Figure 2 ). 
